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ABSTRACT 

PROBLEM TO BE SOLVED: To relax the potential concentration by forming a 
resist film on an Si substrate having protrusions and etching the resist 
back with a developer liquid to avoid forming local thin portions of a 
layer insulation f i Im. 



SOLUTION: On an Si substrate 1, a first gate oxide film 2 is formed, a 
first polysilicon film 2 is formed, patterned and oxidized to form an oxide 
film 4, and the entire surface is covered with a second polysilicon film 5 
and dry etched to form a pattern of this film 5. A positive type 
photoresist film 6 is applied do the entire surface exposure. Developing 
with an alkali water solution uniformly reduces the thickness of the resist 
film 6 to expose only protrusions of the second polysilicon film 5. Only 
the protrusions are selectively etched to moderate the protrusion shape, 
thereby blocking the layer insulation film from reducing its thickness. 
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(54) MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE 
(57) [Abstract] (Amended) 

[Problem to be Solved] To prevent decrease in withstand voltage due to concentration of 
local electric potential by which the thickness of an interlayer insulating film between a 
first polysilicon film and a metal film coated through an interlayer .insulating film is 
locally thinned down when a local protrusion configuration is formed by an alignment 
gap made at the time of forming a pattern that includes the first polysilicon film, and the 



1/11 



English Translation of JP 10-112512 



interlayer insulating film is formed to coat thereover. 

[Solution] It becomes possible to apply etch-back treatment to a resist film 6 by using 
developer after applying the resist film 6 to a silicon substrate 1 having a protrusion 
configuration that is made of a second polysilicon film 5 due to an alignment gap made 
during patterning of the second polysilicon film 5. 
[Scope of Claim] 

[Claim 1] A method for manufacturing a semiconductor device is characterized in 
comprising the steps of: 

forming a first gate oxide film over a silicon substrate of the semiconductor 
device, patterning a polysilicon film as a first electrode layer over the first gate oxide 
film and forming an insulating film by oxidizing the upper and side surface of the first 
polysilicon film; 

coating a polysilicon film as a second electrode layer over the entire surface of 
the silicon substrate so as to cover a pattern made of the first polysilicon film, patterning 
a second polysilicon film to form an opening over a pattern of the first polysilicon film; 

uniforming a surface of an upper most surface of a silicon substrate by 
applying a resist over an entire surface or forming a resist film in which a protrusion 
region of the second polysilicon film is formed having a resist with a thin film 
thickness; 

exposing selectively protrusion part of said second polysilicon film alone by 
carrying out entire exposure after applying said resist film followed by developing; 

relieving or removing said protrusion configuration of said second polysilicon 
film by etching or removing said exposed second polysilicon film; and 

carrying out heat treatment for flattening after coating said interlayer insulating 
film, and coating a wiring layer made of a metal film. 

[Claim 2] A method for manufacturing a semiconductor device is characterized in 
comprising the steps of: 

controlling a film thickness of a resist to be left under a condition of both or 
either one of light exposure amount during entire exposure and developing time when a 
positive-type resist film is used as a resist film according to claim 1; and 
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controlling a film thickness of a resist to be left under a condition only of 
developing time in an unexposed state when a negative-type resist film is used as a 
resist film. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates to a method for 
manufacturing a semiconductor element, particularly to a method for improving 
resistance in an interlayer insulating film between a second layer polysilicon film in a 
semiconductor element having a bilayer polysilicon structure and a wiring layer 
disposed in upper layer by interposing an interlayer insulating film therebetween. 
[0002] 

[Prior Art] A method for manufacturing a semiconductor element having a bilayer 
polysilicon structure by using a first prior art is described with reference to FIGS. 10, 11 
and 12. 

[0003] In FIG 10, after forming a first gate oxide film 102 on a silicon substrate 101 
and forming a first polysilicon film 103, a pattern made of the first polysilicon film 103 
is formed by known photolithography technique and dry etching technique. Then, an 
oxide film 104 is formed by oxidizing the first polysilicon film 103 with an object for 
isolating to insulate first polysilicon film 103 from the second polysilicon film formed 
thereover. 

[0004] In FIG 11, after coating a second polysilicon film 105, a pattern made of the 
second polysilicon film 105 is formed similarly by known photolithography technique 
and dry etching technique. 

[0005] In FIG 12, for example, a BPSG film is coated as an interlayer insulating film 
109. The BPSG film has a property that fluidity is generated by carrying out 
high-temperature heat treatment, and an object of the BPSG film is to flatten the film by 
generating the fluidity. Then, a method for coating a metal wiring layer 110 including 
Al, Al-Si and the like is carried out. - - 

[0006] However, in the above first prior art, a local projection configuration A is 
occurred to the second polysilicon film 105 due to an alignment gap made during 
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photolithography of the second polysilicon film 105 in FIQ 11. Therefore, a film 
thickness tl of the interlayer insulating film 109 between the second polysilicon film 
105 and the metal wiring layer 110 in FIG 12 gets thinner, thus it is problematic for the 
first prior art that resistance in the interlayer insulating film is deteriorated. 
[0007] Therefore, in view of solving the above problem, a method for solving the 
problem by removing a protrusion of a second polysilicon film is suggested in 
Examined Patent Publication No. Hei 7-101690. The method is described below with 
reference to cross-sectional structure diagrams by every step in FIGS. 13 to 18. 
[0008] In FIG 13, after forming a first gate oxide film 202 on a silicon substrate 201 
and forming a first polysilicon film 203 thereover, a pattern made of the first polysilicon 
film 203 is formed by known photolithography technique and dry etching technique. 
Then, an oxide film 204 is formed by oxidizing the first polysilicon film 203 with an 
object for isolating to insulate the first polysilicon film 203 from the second polysilicon 
film formed thereover. 

[0009] In FIG 14, a second polysilicon film 205 is coated. 

[0010] In FIG. 15, a pattern made of the second polysilicon film 205 is formed by 
known photolithography technique and dry etching technique. 

[0011] In FIG 16, a cross-sectional structure in which an uppermost layer is flattened by 
applying a photoresist film 206. 

[0012] In FIG 17, a protrusion part made in the second polysilicon film is etched by 
etching back a photoresist film 203 and the second polysilicon film 205 at the same 
etching rate. 

[0013] In FIG 18, a BPSG film is coated as an interlayer insulating film 209, for 
example. The BPSG film has a property that fluidity is generated by carrying out 
high-temperature heat treatment, and is an object of the BPSG film is to flatten the film 
by generating the fluidity. Then, a method for coating a metal wiring layer 210 
including Al, Al-Si and the like is carried out. 

[0014] - - 

[Problem to be Solved by the Invention] In a first prior art, a local protrusion 
configuration is formed by an alignment gap made during patterning that is made of a 
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first polysilicon film. When an interlayer insulating film is formed on a structure that 
has the protrusion configuration, a film thickness of an interlayer insulating film with 
respect to a metal film which is coated through the interlayer insulating film is locally 
thinned down at the protrusion part. Accordingly, concentration of local electric 
potential is occurred, which leads decrease in a withstand voltage, or a deterioration in 
product reliability is occurred by dielectric breakdown. 

[0015] Therefore, in view of solving the problem in the first prior art above, a second 
prior art is suggested in Examined Patent Publication No. Hei 7-101690. 
[0016] However, in the method, a resist film and a first polysilicon film need to be 
etched at the same rate, which constrains a process condition in an etch-back step. At 
the same time, contamination and the like of an etching chamber is accelerated due to 
carbon discharged from the resist film by etching the resist film. 

[0017] Accordingly, frequent chamber cleaning is needed to keep device clean, which 
occurs decrease in operating rate of the device. 

[0018] In addition, the contaminant becomes a particle adhering to a silicon substrate to 

be processed, which cause for a defect in a product to be processed. 

[0019] Therefore, the present invention is made in view of the problem in the first and 

second prior art, which provides means for solving the problems above. 

[0020] 

[Means for Solving the Problem] One feature in the method for manufacturing a 
semiconductor device according to the invention is characterized in comprising the 
steps of: 

forming a first gate oxide film over a silicon substrate of the semiconductor 
device, patterning a polysilicon film as a first electrode layer over the first gate oxide 
film and forming an insulating film by oxidizing the upper and side surface of the first 
polysilicon film; 

coating a polysilicon film as a second electrode layer over the entire surface of 
the silicon substrate so as to cover a pattern made of the first polysilicon film, patterning 
a second polysilicon film to form an opening over a pattern of the first polysilicon film; 

uniforming a surface of an upper most surface of a silicon substrate by 
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applying a resist over an entire surface or forming a resist film in which a protrusion 
region of the second polysilicon film is formed having a resist with a thin film 
thickness; 

controlling a film thickness of a resist to be left with a condition of both or 
either one of light exposure amount during entire exposure and developing time when a 
positive-type resist film is used as a resist film and controlling a film thickness of a 
resist to be left with a condition only of developing time in an unexposed state when a 
negative-type resist film is used as a resist film so that a projection part of the second 
polysilicon film is selectively exposed; and 

etching and removing the exposed second poly silicon film so as to relieve the 
protrusion configuration of the second polysilicon film or remove thereof. 

The method thereof is a method for manufacturing a semiconductor device 
enabling improvement in resistance of insulation by relieving concentration of local 
electrical potential by preventing locally thinning of an interlayer insulating film in a 
protrusion region of the second polysilicon film obtained through the above steps. 
[0021] 

[Operation] According to the present invention, it becomes possible to apply etch-back 
treatment to a resist film by using developer after applying the resist film to a silicon 
substrate having a protrusion configuration that is made of a second polysilicon film due 
to an alignment gap made during patterning of the second polysilicon film. 
Accordingly, generation of a particle and the like can be prevented. 
[0022] In addition, it becomes possible to expose selectively the protrusion alone and to 
conduct dry etching under the condition in which the part other than the protrusion 
region is coated to protect with the resist film. Accordingly, unlike the prior art, it 
becomes unnecessary to etch the resist film and the polysilicon film at the same rate. 
Moreover, any one of anisotropic dry etching, isotropic dry etching and chemical 
etching may be used for etching the second polysilicon film, which enables to improve 
in degree of freedom of step. 
[0023] 

[Embodiment Mode of the Invention] An embodiment mode of the present invention is 
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shown in cross-sectional structure diagrams in FIGS. 1 to 6, and two examples of 
application of a resist film according the present embodiment mode are shown in FIGS. 
7 and 8. Figures show a cross-sectional structure on a second example of etching a 
second polysilicon film, and each step is explained below. 

[0024] In FIG 1, a first gate oxide film 2 having a thickness of 150 A is formed on a 
silicon substrate 1 by dry oxidization, hydrochloric acid oxidization, pyrogenic 
oxidization and the like. A polycrystalline polysilicon film having a thickness of 
2000A is then formed as a first polysilicon film 3. 

[0025] Thereafter, a pattern made of the first polysilicon film 3 is formed by using a 
photolithography technique and a dry etching technique. 

[0026] Aiming to separate and insulate the first polysilicon film 3 from a second 
polysilicon film formed thereover, the first polysilicon film 3 is oxidized with a film 
thickness of about 200 A by using any one of dry oxidization, hydrochloric acid 
oxidization, pyrogenic oxidization and the like, thereby an oxide film 4 is formed. 
[0027] In the similar way to the first polysilicon film, a poly crystalline polysilicon film 
as thick as 3000 A is formed as a second polysilicon film 5. A pattem made of the 
second polysilicon film 5 is formed by dry etching using a photolithography technique 
and a dry etching technique, in which the resist film is used as an etching mask. 
[0028] In FIQ 3, a positive type photoresist film 6 is applied in a thickness of 1.2 
micron by using a spin coat method, thereby a structure in which an uppermost surface 
of the applied resist film is flattened is formed. 

[0029] In FIG 4, developing process is applied by using alkali aqueous solution having 
a TMAH (tetraammonium hydroxide) concentration of 2.38 % after exposure. 
Accordingly, the applied resist film is evenly thinned down so as to expose a protrusion 
region of the second polysilicon film alone. 

[0030] In FIG 5, the exposed protrusion region is etched selectively by dry etching 
having emisotropy. The protrusion region is relieved by applying etching to the same 
level as an uppermost film of the resist film, or higher. 

[0031] In FIG 6, a BPSG film that has a property that fluidity is generated by carrying 
out high-temperature heat treatment is formed as an interlayer insulating film 9 by using 
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low-pressure chemical vapor deposition, and in the present embodiment mode, by 
setting a film formation temperature at 450®C and by using a gas including SiRt/ PH3/ 
B3H6. The BPSG film is formed to have a B (boron) concentration of 2.6 %, P 
(phosphorous) concentration of 6.0 % and a thickness of 7000 A. 

[0032] Then, aiming to flatten the BPSG film, 30-minute heat treatment is conducted in 
O2 atmosphere at a preset temperature of 800®C. Then, after applying reflow treatment 
by heat treatment using pyrogenic oxidization that is carried out by raising a preset 
temperature up to 900°C, burning hydrogen using H2 + O2, and generating water, a 
metal wiring layer 10 including Al, Al-Si and the like is formed to have a thickness of 
1.0 \xm by sputtering. 

[0033] Like this manner, according to the present invention, by etching and removing 
selectively the protrusion part of the second polysilicon film alone which is occurred by 
an alignment gap made during photolithography at the time of forming the pattem of the 
second polysilicon film, it becomes possible to prevent the interlayer insulating film 
between the second polysilicon film and a metal wiring layer from being thinned down. 
[0034] In addition, the present invention does not have a step such as etch-back with dry 
etching. Accordingly, it becomes possible to prevent contamination, increase in 
particle and the like, and to form an interlayer insulating film having high reliability 
without deteriorating resistance in the interlayer insulating film. 

[0035] In the step of FIG 3 of the present embodiment mode, as shown in FIG 7, a 
cross-sectional structure in which the uppermost surface of the applied resist is flattened 
by applying a positive-type photoresist film 6 in 1.2 micron thick. However, the 
positive-type photoresist film 6 having a thickness of 1.2 micron or less is applied as 
shown in FIG. 8, and the positive-type photoresist film 6 having a thickness of 5000 A is 
applied as a second embodiment mode. Therefore, it is possible to gain the same 
effect without flattening the uppermost layer of the resist film every time. 
[0036] Moreover, it is possible to gain the same effect when a negative-type resist film 
is used as the resist film 6, instead of the positive-type resist film. 

[0037] Next, in FIG 4, a film is thinned down by developer when a desired resist film 6 
is formed. As control of the amount of decrease in film thickness, in the case of 
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controlling by developing time, resist film is exposed in exposure amount equal to or 
more than 100% to be completely exposed to light. In the case of controlling by 
exposure amount, after fixing developing time, the resist film is controlled by exposing 
incompletely by half exposure and the like. 

[0038] It is not to be stated that the same control as above is possible when the decrease 
in film thickness is controlled by both developing time and exposure amount. 
[0039] In addition, when a negative-type resist film is used as the resist film instead of a 
positive-type resist film, the decrease in film thickness is controlled by adjusting 
developing time in which xylene is used without carrying out exposure treatment. 
[0040] Next, in FIG 5, dry etching having anisotropy is used for protrusion 
configuration of the second polysilicon film that is selectively exposed. 
[0041] However, as shown in FIG 9, chemical dry etching having isotropy, and using 
CF4 + O2 and the like, or chemical etching by using chemical may be used. At this 
time, from isotropic property, isotropic etching is applied to an interface of a part coated 
with a resist film. Therefore, it is not necessary to flatten an uppermost surface of the 
resist. 

[0042] After applying any one of above resist films, a resist film is thinned down by 
development and a second polysilicon film is removed by etching. Accordingly, 
protrusion region is relieved, which enables to provide resistance in the interlayer 
insulating film. 
[0043] 

[Effect of the Invention] As described above, according to the present invention, it 
becomes possible to selectively expose a protrusion region that occurs in a second 
polysilicon film and to coat and protect a region other than the protrusion region with a 
resist film. By applying etching to the structure above, it becomes possible to relieve 
the protrusion configuration. Otherwise, by removing the protrusion configuration, it 
becomes possible to relieve local potential concentration when a voltage is applied to a 
second polysilicon film. Thereby, highly reliable constitution can be formed by 
improving resistance of an interlayer insulating. 
[Brief Description of the Drawings] 
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[FIG 1] A cross-sectional structure diagram illustrating the embodiment mode of the 
present invention 

[FIG 2] A cross-sectional structure diagram illustrating the embodiment mode of the 
present invention 

[FIG 3] A cross-sectional structure diagram illustrating the embodiment mode of the 
present invention 

[FIG 4] A cross-sectional structure diagram illustrating the embodiment mode of the 
present invention 

[FIG 5] A cross-sectional structure diagram illustrating the embodiment mode of the 
present invention 

[FIG 6] A cross-sectional structure diagram illustrating the embodiment mode of the 
present invention 

[FIG 7] A cross-sectional structure diagram illustrating a first example of applying a 
resist film according to the present invention 

[FIG 8] A cross-sectional structure diagram illustrating a second example of applying a 
resist film according to the present invention 

[FIG 9] A cross-sectional structure diagram illustrating a second example of etching 

according to the present invention (corresponds to a first example in FIG 5) 

[FIG 10] A cross-sectional structure diagram illustrating a first prior art 

[FIG 11] A cross-sectional structure diagram illustrating a first prior art 

[FIG 12] Across-sectional structure diagram illustrating a first prior art 

[FIG. 13] A cross-sectional structure diagram illustrating a second prior art (Examined 

Patent Publication No. Hei 7-101690) 

[FIG 14] A cross-sectional structure diagram illustrating a second prior art (Examined 
Patent Publication No. Hei 7-101690) 

[FIG 15] A cross-sectional structure diagram illustrating a second prior art (Examined 
Patent Publication No. Hei 7-101690) 

[FIG 16] Across-sectional structure diagram illustrating a second prior art_ (Examined 
Patent Publication No. Hei 7-101690) 

[FIG 17] A cross-sectional structure diagram illustrating a second prior art (Examined 
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Patent Publication No. Hei 7-101690) 

[FIG 18] A cross-sectional structure diagram illustrating a second prior art (Examined 
Patent Publication No. Hei 7-101690) 
[Denotation of Reference Numerals] 
1 A silicon substrate 

2 A gate insulating film 

3 A first polysilicon film 

4 An oxide film 

5 A second polysilicon film 

6 A resist 

7 Ion implantation 

8 An oxide film formed by oxidizing a second polysilicon film 

9 An interlayer insulating film 

10 A wiring metal film 
101 A silicon substrate 

102 A gate oxide film 

103 A first poly silicon film 

104 An oxide film 

105 A second polysilicon film 

109 An interlayer insulating film 

110 A wiring metal film 

tl A thickness of a thin part of an interlayer insulating film 
201 A silicon substrate 

202 A gate oxide film 

203 A first polysilicon film 

204 An oxide film 

205 A second polysilicon film 

206 A resist 

209 An' interlayer insulating film 

210 A metal wiring film 
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